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Introduction: Welcome to 3D Printing!

I’d like to welcome you to the world of 3D printing. If you’re already familiar with 3D printers, how
they work, and what you can do with them—well, feel free to skip ahead. I won’t mind.

3D printing is exactly what it sounds like—printing something that can be picked up, held in your
hands, and played with. It’s 3D, meaning it’s not flat like a piece of paper. It’s printing because the 3D
object doesn’t just magically appear; it must be “printed” by a special device called a 3D printer.

All of this and much more is explained in Chapter 1, “The Big Question—What Is a 3D Printer?”—
and with photos! So, if your interest is piqued and you want to learn more, feel free to skip ahead right
now to Chapter 1. Again, I won’t mind.

You probably want to know a bit more about 3D printing. Maybe you’re a little nervous that it sounds
a bit too technical, or too difficult. You’ll be happy to learn that there are kids doing this 3D printing
thing. Young kids. How young? My oldest boy is six, and he’s learning much of what you’ll learn in
this book and he’s having a blast. I’ve even heard of much younger kids designing and printing out fun
little objects with a 3D printer.

What kinds of objects can 3D printer owners print? I’ve seen a range of objects from the simple to the
advanced. Buttons, game tokens, and money clips are easy to design and print and are great examples
of small, simple objects that can be made in plastic. But on the advanced side, I’ve seen a 2’ tall Eiffel
Tower, a life-size human skull, a set of working gears that were inserted into a robot to make it go
faster, and even a camera shell that holds film and takes real pictures. (If you just can’t wait to see
what people are printing with 3D printers, point your web browser to www.thingiverse.com and spend
a few minutes browsing around this library of free object files that users can download and print on
their 3D printers.)

There’s really no need to be intimidated by 3D printing. Yes, this is a technology book, but I promise
that I’ve written it for a nontechnical audience.

As you get a few more chapters deeper into the book, you’ll discover that I’ve pulled back the
complicated and strange workings of this thing called 3D printing. I even picked a special 3D printer
to use with this book. It’s called The Simple. How cool is that? It’s a small 3D printer that you can
build from an inexpensive kit. But you don’t have to buy it or any other 3D printer right now. Read the
book to see what’s involved; read my notes on building a 3D printer from a kit and testing it, and see
how I created my own 3D bobbles for printing. When you’re done with the book, I hope you’ll find
that the 3D printing hobby isn’t scary or intimidating. As a matter of fact, I hope you’ll be looking at
3D printers, comparing them and trying to figure out which model will work best for your needs.

So turn the page, start learning a bit more about what 3D printing is, how it is done, and what
hardware and software is involved. If you decide that you want to give 3D printing a try, I can make
you one more promise—you are going to have so much fun.

See you in Chapter 1!


http://www.thingiverse.com

1. The Big Question—What is 3D Printing?

I don’t know if you’ve heard of the term “3D printer,” but I’d be surprised if the majority of readers
didn’t at least have an idea about the subject. But I’'m going to start from scratch here. I’m going to
assume that you know nothing...zero...nada...zilch. I’'m going on the assumption that you are reading
this book and scratching your head and saying “Nope...no idea.”

However, if you are familiar with 3D printers, you can refer to the Table of Contents and find the
chapter that best fits your level of experience. Chapters 2, “Find Yourself a 3D Printer,” and 3,
“Assembly Assistance for the Printrbot Simple,” for example, go over one very specific device (and
how to build it) that I'll be using throughout this book. If you already own a 3D printer and/or have
already put one together, those chapters can easily be skipped. (But they have some cool sidebars and
extra information that you might not want to miss.)

I’m going to start from the beginning and explain everything to you as if we were having a simple
conversation. No complex technobabble. No calculus or physics required. And certainly no power
tools. Let’s keep this simple, shall we? Because as you’re about to learn, 3D printers are for the
masses, not just for the scientists and gizmo-gadgety gurus.

What Is a 3D Printer?

Let’s start with the last term first—printer. Printers come in two varieties. There’s the kind that stands
behind a counter in a building full of machines and takes your money when you ask for 150 copies of
your son’s graduation invitations or need a large GRAND OPENING banner printed for your new
business. I’m not talking about that kind of printer.

I’m speaking of the other kind of printer—the one that you usually see sitting on a desk or being
shared by a few dozen office workers. It’s typically bigger than a shoebox and smaller than a car.
Many of these kinds of printers can print in color, but not all. They can print a single sheet or the
entire 350 pages of your new novel. Figure 1.1 shows a typical printer that spits out paper with ink on
it.



—~~ Paper comes
out here.

Figure 1.1 A conventional printer, in all its glory.

Printers print on a flat surface. Another way of looking at this is that they print in only two
dimensions. Think back to your early math classes and you may remember discussions of dimensions.
A one-dimensional object is nothing more than a point in space that can move along a fixed line (like
the period that ends this sentence, but without any volume). A point has no height, width, or length.
It’s simply a point. Likewise, a two-dimensional object is flat; it has length and width but no height.
Figure 1.2 shows some examples of one-dimensional and two-dimensional objects.



1D or One-Dimensional (a point)
©

2D or Two-Dimensional

3D Representation of Cube in 2D

Figure 1.2 Examples of one- and two-dimensional objects.

Two dimensional objects can be drawn in such a way that they look like they have length, width, and
height, but they’re still flat. They still exist only in two dimensions.

A 3D printer is a printer that prints in three dimensions. That’s as simple a definition as you’ll ever
find. When your inkjet or laser printer prints out a square on a piece of paper, all you have is a two-
dimensional square on a flat piece of paper. It lacks height. In fact, an advertisement for a 3D printer
might state, “New and improved! Now comes with HEIGHT!”

But if a 3D printer can add that third dimension, then it’s possible to print that square as a cube, as in
Figure 1.3.



Figure 1.3 A basic example of what a 3D printer can accomplish.

And there you have it. A 3D printer can print something with length, width, and height. But I can
already hear some of you saying, “But no matter how many times I print that square on the same piece
of paper, it’s going to stay flat. This is crazy talk!”

And you’re right.

Ink is not very useful for printing solid objects.

Say Hello to Plastic!

Think about this for a moment: You print out a black square on a sheet of paper and then cut it out
with some scissors. You then place that black square on a table. Next, you print out another black
square, cut it out, and stack it on top of the previous black cube. Do this 500 times. Are you seeing
what’s happening to that stack of black squares? Is it starting to look like a cube?

Note

Depending on the thickness of your paper and the size of the square, you might have to print
and stack 200, 500, or even 1,000 squares to make it look like a cube. (And I don’t
recommend that you actually do this. Save the paper and some trees and just imagine all those
stacked squares, and you get the idea.)

What you’re seeing happen here is due to layering. If you could peel the ink off each piece of paper



(and have it hold its shape) and then stack all those black squares like the ones in Figure 1.4, you’d
(hopefully) have a solid black cube consisting of dozens, or hundreds, or maybe even thousands of
layers.

Figure 1.4 A stack of black squares begins to resemble a black cube.

That’s how a 3D printer creates three-dimensional objects: one layer at a time.

But again, I hear some of you asking, “How exactly does a 3D printer stack ink in layers?” And the
answer is simple—3D printers don’t print with ink. Instead, they print using a material that you are
already familiar with—plastic.

Look at a two-liter bottle of soda or a kid’s action figure, and you’re looking at a three-dimensional
object most likely made of plastic. It’s a rugged material that (usually) holds its shape, is (usually)
waterproof, and (usually) won’t melt in the backseat of your car.

Plastic requires a very high temperature to melt, so it’s a favored material for printing three-
dimensional objects. And now you’ve learned something else about what makes a 3D printer work—a
high temperature. A 3D printer must have a method for heating up plastic until it changes from solid
to liquid form.

Note

Not all 3D printers use plastic. You’ll learn about some other types of 3D printers later in the
book that use different methods and materials, but for the purposes of this book, I'll be
covering those kinds of printers that melt plastic to a liquid form and deposit (print) that



liquid plastic on a surface so that it can cool and harden.

Solid to Liquid

Plastic is somewhat of a vague term because there are many types of plastics. One type might be much
harder to twist or break, whereas another might require a higher temperature before it begins to melt. I
talk about the various types of plastic used with 3D printers later in the book, but for now I just want
you to understand that before a 3D printer can actually “print” a 3D object, it must melt that plastic.

To do this, most 3D printers use plastic filament. Plastic filament is nothing more than a very thin
strand of plastic that typically comes in a wrapped bundle like the one shown in Figure 1.5.

Figure 1.5 A bundle of plastic filament, ready for melting.

Most 3D printers that print in plastic use electricity to heat up a component called the hot end. The hot
end melts the plastic, and works with another component called an extruder that pushes the solid
plastic into the hot-end. Inside the hot-end, the solid plastic melts and exits the hot-end’s nozzle onto
a flat surface. This is called extrusion. This melted plastic quickly cools and solidifies.

Figure 1.6 shows an example of both an extruder and a bit of melted plastic coming out of the bottom
as a thin, fine string.



Figure 1.6 Melted plastic exits the extruder as a thin string of plastic.

Have you ever seen someone write Happy Birthday with icing on top of a birthday cake? The
decorator squeezes the icing and moves his or her hands and, hopefully, out comes “Happy Birthday,
Mom!” and not “Hopop Diaddap, Nom!”

Hold that thought. A 3D printer works in a similar manner, but without the shaky hands. The cooling
plastic is applied to a flat surface, but the plastic is placed on the surface in such a way that when it
cools and hardens, its shape has changed from the original loop of plastic filament (seen back in

Figure 1.5).

But how does a 3D printer apply the plastic on the flat surface? Most printers don’t have hands, right?
Well, it turns out that 3D printers don’t need hands—they have something much better.

A Different Type of Motor

Say the word “motor,” and a lot of people’s eyes glaze over. Motors are strange, magical things to
some and intimidating and scary things to others. But motors are important. They get your car from
point A to B. They keep your fridge cold (and everything inside). They make certain the light bulbs
have power so you can finish reading this book. Motors are everywhere, and they come in all shapes
and sizes. And yes, 3D printers have their own versions of motors.

You don’t have to be an electrical engineer to understand the motors found in a typical 3D printer. I
promised I wasn’t going to get super-technical on you, so for now I want you to know these five things



about the motors found inside a standard 3D printer:
* They are used for movement.
* They can spin clockwise or counterclockwise.
* They can spin at varying speeds.
* They require electricity.
* They are controlled by a computer.

Most 3D printers have four motors. Remember when I told you that a 3D printer could print objects
that have length, width, and height? One motor each is used to move the extruder (or the printing
surface; more on that in a moment). I’ll explain how this movement occurs later in the book, but for
now all you need to know is that the motors spin clockwise or counterclockwise to create movement.
(The fourth motor is used by the extruder to feed or push the plastic filament into the hot end so it can
be melted.)

What do these motors look like? Take a look at Figure 1.7 and you’ll see a typical 3D printer motor.
They don’t all look like this one, but most consist of a hard shell and a shaft that rotates clockwise and
counterclockwise.

osovLyvy beshA

Figure 1.7 A motor like this one is typically used in 3D printers.

This type of motor is called a stepper motor, and it has the unique capability to spin (clockwise or
counterclockwise) in very tiny increments. This means the shaft can spin not in 1-degree increments,
but in fractions of a degree! This is an important concept, and you’ll get some more explanations later
in the book. Right now, what you need to take from this discussion on motors is that they do the heavy



work by moving items such as the hot end or the plastic filament feed.
Let’s take a quick look at what we now know about 3D printers:
« 3D printers can print three dimensional objects.
« 3D printers use melted plastic to create objects.
« 3D printers use a hot-end to heat up and squeeze out melted plastic.
* 3D printers need motors to control the movement of the hot-end.
* 3D printers use four motors.

Again, 3D printers melt plastic and require motors to move the extruder around as it squeezes out the
melted plastic. But how exactly does a 3D printer create objects with recognizable shapes instead of
just squirting out one big blob of cooled plastic?

It’s all done by carefully controlling the movement of the extruder along three paths. These paths go
by different names, but you can think of them as left/right, forward/backward, and up/down. They also
go by shorter names: the X axis, the Y axis, and the Z axis.

3D Objects Require Three Axes

Think back to your early math and recall that all points in space can be described by three coordinates:
X, Y, and Z. If you need a refresher, take a look at Figure 1.8, which shows all three axes on an xyz
graph.
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Figure 1.8 A point in space has an X coordinate, a Y coordinate, and a Z coordinate.

Note

When talking about X, Y, and Z, use the plural term “axes.” The singular term is “axis.” So,




the extruder moves back and forth on the X axis but also can move in any direction using
three axes.

You may be wondering just how the xyz graph relates to a 3D printer. It’s now time to show you one
example of a 3D printer. Don’t worry if it looks strange or if you can’t figure out how it works; that
will soon become apparent. What I want you to focus on are the three directions that the extruder can
move. Everything is labeled in Figure 1.9.

£ Axis

X Axis

X Axis

Figure 1.9 A 3D printer’s extruder can move in three directions.

If you’re trying to force the xyz graph from Figure 1.8 to fit the 3D printer shown in Figure 1.9, you
might be confused. That’s because Figure 1.9 is showing the 3D printer from the front. Let’s take a
look at the 3D printer again, but this time looking down on it from above, as shown in Figure 1.10.



Figure 1.10 Top view of a 3D printer lets you see the X and Y axes.

Looking at a 3D printer from above, you can now see that when the hot-end moves left or right (when
viewed from the front of the 3D printer), it’s actually moving along the X axis. Likewise, when the
hot-end moves forward or backward (again, when viewed from the front), the hot-end is moving along
the Y axis.

Now go back to Figure 1.9, which shows the 3D printer from the front. Can you see the Z axis now?
When the hot-end moves up or down, it’s moving along the Z axis.

Here’s another idea to mull over. If you look at the 3D printer from above, imagine that the X axis can
be used to define a two-dimensional object’s length (like a square). The Y axis can be used to define
that two-dimensional object’s width. So what do you think the Z axis will be used to define for an
object? If you answered “height,” you’d be correct.

A 3D printer’s motors will be used to move the hot-end left, right, back, forward, up, and down. While
these movements are occurring, the extruder is constantly pushing in the filament to melt in the hot-



end and then coming out the hot-end’s nozzle a thin thread of melted plastic. This melted plastic
continues to extrude at a constant rate, almost like ink from a pen as you write your name on a piece
of paper. The only difference is that as the plastic cools, it begins to harden. Any melted ink placed on
top of an existing (hardened) bit of plastic will simply add to the height of the plastic at that point.
And that’s how we get the layering effect that a 3D printer uses to print 3D objects!

Let’s return to that solid black square drawn on a piece of paper. If we use our 3D printer to create that
square, what will be required? The extruder needs to move along a path that lets the melted plastic
form a square that has the same thickness. Two possible paths it could follow are shown in Figure
1.11.

Two possible paths (of many) for an Extruder
to print a square with plastic

Figure 1.11 A single layer of melted plastic in the shape of a square might use one of these paths.

The thickness of the melted plastic is actually thinner than that of a pen (and its ink), but you should
get the idea. The hot-end acts like a pen, drawing a path on the flat work surface and creating a square-
shaped object. What do you think will happen if the hot-end places another layer of plastic over this
first layer? What happens if the hot-end places 10 or 20 or even 50 layers, one on top of each other?

You start to see the beginning of a plastic cube.

A plastic cube might not be much to look at, but if you understand how layers of plastic are combined
to create a three-dimensional object, you are well on your way to understanding how a 3D printer can
be used to create more advanced objects like those shown in Figure 1.12.



Figure 1.12 You can use a 3D printer to create objects like these.

A Few Other Items

Most 3D printers have a small circuit board (or controller) that “talks” to the motors and gives them
instructions on how to move (how far, how fast, and so on). The motors and the circuit
board/controller need electricity to work, so you’ll also find that most 3D printers need a power
supply. This often comes directly from a wall outlet, but sometimes it requires an actual power supply
box that is attached to the 3D printer in some manner. You’ll see the circuit board later in Chapter 3.

A 3D printer can print 3D objects, but until you tell it what to print and how to print, it’s just a
paperweight. For that reason, you’ll be connecting your 3D printer to a computer. More specifically,
you’ll be connecting the 3D printer to a computer running specialized software. This software
(sometimes a single application, sometimes more than one) is used to create an object and send data to
the 3D printer that instructs it on how to print your object using melted plastic.

Don’t let this overwhelm you. I introduce you to all this later in the book and show you how easy it is
to do. (And how much fun it can be, too!)

So, let’s summarize what we know:
* 3D printers use motors to move a hot-end around.
* An extruder pushes plastic filament into the hot-end.
* Melted plastic exits the hot-end’s nozzle onto a flat surface.
* Special software provides instructions to the motors that define a path for the hot-end to follow.
* The hot-end follows the path multiple times to create layers.

If you’ve read and understood everything so far, you’re off to a good start! There’s much more to
learn; in the next chapter I introduce you to a very simple 3D printer and some variations of other 3D
printers. You’ll also read explanations on the benefits and drawbacks of different models, so you can
make an informed decision should you choose to purchase a 3D printer Kkit.



2. Find Yourself a 3D Printer

If you don’t yet own a 3D printer, this is the chapter for you. I give you some things to ponder when
considering what type of 3D printer you might want to purchase. Believe it or not, you have hundreds
of options compared to just three or four years ago. As in the previous chapter, my goal here isn’t to
overwhelm you with a lot of technical talk. These days, when most people choose to purchase a
computer, they don’t go to the store asking about memory cache amounts or hard drive transfer speeds
(well, some do). Instead, they just want something that works and can run the software they need it to
run. Today’s 3D printers are well on their way to being that easy to purchase and use (what computer
companies used to advertise as plug-n-play). You can buy preassembled 3D printers, ready to go right
out of the box. Just connect it to your printer, follow some simple instructions for installing the
software, and you’re all set. (This is not completely true, because you’ve got to have something to
print. More on that later in Chapter 5, “First Print with the Simple.”)

There are also 3D printer kits. These require you to assemble them, but today’s 3D printers have
gotten much easier to figure out and put together compared to just a few years ago. Don’t believe me?
I build a 3D printer and document much of the assembly in Chapter 3, “Assembly Assistance for the
Printrbot Simple.” When you’re done with Chapter 3, I hope to have you convinced that a kit should
not be intimidating if you choose that route.

So, let’s get started by taking a brief look at some of the options you have when purchasing a 3D
printer. The goal for this chapter is to help you identify what you want to do with a 3D printer, how
much you want to spend, and a few other factors. By chapter’s end, you should have a better idea of
which 3D printers will meet your needs.

3D Printer Options to Consider

The practice of printing three-dimensional objects has been around for years. But it’s been only in the
past five to six years that 3D printing has become a popular hobby and favored topic in the media,
mainly due to costs dropping and component sizes shrinking. Today, 3D printing is available to
anyone with a home computer and the interest to print out 3D objects.

The most popular type of 3D printing involves extruding melted plastic. You read about this in
Chapter 1, “The Big Question—What Is a 3D Printer?” and that method of printing is the focus of this
book. Melted plastic isn’t the only method for printing 3D objects; there are a number of techniques
for creating 3D objects, but only the extruded plastic method can truly be considered the “affordable”
solution at this time. But it’s not all about money, either.

The following list is by no means comprehensive, but it does represent the six factors that I believe
someone new to 3D printing should consider when deciding on a 3D printer to purchase and use:

» Initial cost

* Ease of assembly and tech support
* Operating System compatibility

* Cost and type of filament

* Resolution/nozzle diameter

* Print bed size and leveling

Note



Another option that I don’t cover in this book is the availability of dual extruders. Dual
extruders allow for users to load up two (or more) colors of plastic filament. Printing multi-
colored objects becomes available with the proper software that can instruct the Extruder on
which filament to feed into the hot-end. This topic is a bit beyond the beginner level set for
this book, but if you find a reasonably priced 3D printer that you like that also offers an
upgrade to a dual extruder, it’s worth considering as a beneficial add-on.

I’m going to go through each of these factors and explain why I believe they are key considerations
for your future 3D printer purchase. For the purposes of this book, I’ll limit my discussion to the
plastic-extruding type of hobbyist 3D printers. (If you want to learn about other methods of 3D
printing, point your web browser to http://en.wikipedia.org/wiki/3d_printing and you’ll find details
about half a dozen or more 3D printing techniques, such as selective laser sintering, an up and coming
type of 3D printing that should become more affordable for hobbyists over the next 3-5 years.)

Initial Cost

Just a few years ago, the hobbyist 3D printer market (in contrast to the higher-end professional
products used in specialty industries such as manufacturing and engineering) floated between $1,000
and $3,000. At that time, it was an amazing price for cutting edge technology that could be ordered,
delivered, and assembled in your home. Still, the price was out of reach of most hobbyists, let alone
any parents or teachers who might want to introduce a 3D printer to a child or a classroom.

But one amazing thing about technology (especially technology that gets a lot of media attention) is
how fast the price can drop when demand goes up. Demand for 3D printers has grown, and this has
resulted in hundreds of 3D printer options popping up, many almost overnight. Companies and
individuals, big businesses and small businesses—the list of sellers of 3D printers is an impossible
document to put together because it seems that a new 3D printer is announced almost daily. This is
great news for anyone wanting to buy a 3D printer today.

The variety of 3D printers and the various options they offer have created a new market, where prices
have dropped drastically. You can still find 3D printers in the high $1,000s, but these are the high-end
printers that would have been out of reach of most hobbyists a few years back. And the entry-level 3D
printers that floated around $800-$1,500 two or three years ago? Those can be had for under $500.

Today, you can expect to pay between $300 and $3,000 for a hobbyist level 3D printer. These are
printers that are designed to be used in a home or small office, producing good to high-quality 3D
objects.

But price isn’t just related to the print quality of the plastic object that is created. Price is often also
related to whether the 3D printer is preassembled (also referred to as ready “out-of-the-box”) or
comes in a kit for you to build yourself. Some 3D printers, such as the Replicator 2 from MakerBot
(makerbot.com) shown in Figure 2.1, only come preassembled. The reason is that the assembly of a
3D printer often requires some fairly strict tolerances. If a screw isn’t tightened properly or two panels
aren’t perfectly perpendicular to one another, a printed 3D object can come out a little lopsided or
completely unusable.
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Figure 2.1 The Replicator 2 from MakerBot.

Other 3D printers come in both preassembled and kit form. You can typically expect to pay around
$100-$300 more for a preassembled version, maybe even higher. Keep in mind that a preassembled
3D printer typically incurs a higher shipping cost. The assembled 3D printer is bigger than an
unassembled version; it is most likely a bit more fragile and must be packed better to keep anything
from getting damaged during delivery. Take a look at the Ultimaker website (ultimaker.com), and
you’ll see an example of a good mix of kit and preassembled 3D printers, such as in Figure 2.2.
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Figure 2.2 Ultimaker offers kits and preassembled 3D printers.

If you’re feeling a bit of sticker shock at some of the prices you’ve seen, let me calm your nerves a
bit. The 3D printer that I’ve chosen to use for this book won’t run you $2,000. It won’t even cost you
$500. I use the Printrbot Simple in this book (and show you how to assemble it in Chapter 3). The
Printrbot Simple comes in a kit for $300. You read that right—$300. It doesn’t have all the bells and
whistles that some of the mid- to high-level 3D printers possess, but it does print out 3D objects in
plastic and is a great way to introduce yourself to the hobby.

Note

Ready to buy? Point a web browser to printrbot.com and search for the Printrbot Simple. The
website may change its appearance from time to time, but right now the Simple is advertised
on the front page. As Printrbot introduces new products, you may find that you’ll need to look
at the company’s complete listing of products to find it. And who knows? The price may have
even dropped by the time you read this.

The Printrbot Simple is easy to assemble, as you’ll see in Chapter 3. I chose the Simple as the 3D
printer to use for this book because of its low price and easy-to-understand assembly instructions that
make it a great 3D printer for beginners. You can see the completed Printrbot Simple in Figure 2.3.
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Figure 2.3 The Printrbot Simple.

Be aware that the Printrbot Simple does have some limitations. For example, the Simple can’t print
large objects. Imagine a cube that is four inches (4") square. That’s the print limit for the Simple. If
you want to print anything that won’t fit inside a cube with 4" sides, you’ll need to consider a 3D
printer with a larger print area. But if you’re wanting to experiment with the 3D printing hobby
without spending a lot of money, the Simple will get you some hands-on time with both the hardware
and software and let you test the waters before you consider upgrading to a more expensive and more
feature-filled 3D printer.

Note

There’s a great way to print larger objects with a 3D printer like the Simple that doesn’t have
the largest print area, and it involves breaking up your 3D models into smaller parts that can
be connected with adhesives or methods, such as slots or even small screws. This can add to
the complexity of designing an object, but you should be aware that a small print area doesn’t
necessarily limit you to printing larger plastic objects...you’ve just got to be more creative in
your solution.

What might you want to look for in more expensive 3D printers? Here are some things to consider
before making a purchase:

* Multicolor support—Most hobbyist 3D printers can print using one feed of plastic filament.
Because filament can come in colors, there are also printers that can be loaded with two to four
colored filaments using dual extruders, allowing you to print 3D objects using a mix of colors. It’s



a bit more advanced to print with multiple colors, but it is possible with some higher-end 3D
printers. (Rumor has it that Printrbot is working on an upgrade to the Simple that will allow you to
buy an upgrade for the single extruder that will turn it into a dual extruder, allowing you to print
in two colors! It’s not available right now, but I suspect it could be available by the time you’re
reading this book.)

« Customer support—Most 3D printer sellers are more than happy to answer technical questions
from customers, but many of them push customers to an online forum or an email support system.
Some sellers have customer support phone numbers and others do not. You’ll want to consider the
level of support provided when purchasing a kit or a preassembled 3D printer. Kits seem to
typically spur more questions from owners, so make certain if you buy a kit that you can get help
from the seller should you have problems.

* Proprietary filament—Some 3D printer sellers require you to purchase their plastic filament. They
can do this because they use some type of special spool or loader that fits inside the 3D printer.
This can be a blessing or a curse, depending on your level of technical expertise. Filament can
often be purchased on sale or at extremely low prices from specialty companies that cater to 3D
printing hobbyists, so being locked into using a proprietary filament could be more expensive over
time or at least prevent you from taking advantage of price breaks on filament.

* Hot-end options—Some hot ends/extruders require you to assemble them, involving some hands-
on time with a soldering iron. This can be extremely intimidating, especially if you don’t even
know what a soldering iron is or how it is used. Make certain that when you purchase a kit, the hot
end and extruder are ready to go. You’ll also want to inquire about whether you can upgrade your
hot end. A hot-end can have different nozzle diameters, allowing for different qualities of
printing.

» Warranty—Most kits aren’t going to come with a warranty. But preassembled kits should have
some sort of return policy if you find something is damaged or not working properly. Be certain to
inquire about the return policy on any 3D printer you purchase, especially when buying a kit.

As you learn to use a 3D printer and the software tools needed to create 3D objects, you’ll begin to
understand some of the benefits offered by higher-cost 3D printers, especially those with more
advanced electronics. But if you’re just getting started, you’ll find that any sub-$700 3D printer will
offer you a great experience.

Ease of Assembly and Tech Support

If you end up purchasing a preassembled kit, you’ll skip this step. Yes, you may have some
instructions on connecting it to your computer or inserting the plastic filament, but for all practical
purposes, the preassembled 3D printer shouldn’t require much from you in terms of putting it
together.

But a kit? A kit can be a bit overwhelming the first time you open it up and examine all the parts that
come inside. Take a look at Figure 2.4 to see the parts used to build the Printrbot Simple.



Figure 2.4 The unassembled Printrbot Simple.

Keep in mind that the Printrbot Simple is exactly that—simple. It has a limited number of parts
required to build it (see Chapter 3). Now imagine a larger, more advanced 3D printer; it’s likely to
have even more parts.

Some 3D printers come with instructions tucked into the box for assembly, whereas others have the
build instructions available online. My personal preference is online building instructions. They
typically come with full-color photographs; errors are typically corrected as soon as they are found,
and corrections are posted immediately. However, you may have only a printed manual with your 3D
kit, so be aware that assembly instructions vary from kit to kit. It never hurts to ask about what types
of assembly instructions are available when ordering a kit!

Tech support is also a big deal. Find out if your 3D printer seller offers a forum where you can post
questions. Most do, but not all. It’s great to be able to log in to a company’s online forum and post a
quick question along with a photo or two if necessary. You’ll often find that fellow kit owners are fast
to respond and offer help, often faster than the in-house technical support folks.

If you’re comfortable using a screwdriver or wrench, you should be okay putting your 3D printer
together. Most 3D printer assemblies require few other tools, but it never hurts to ask. For example, be
sure to ask if you need an Allen wrench. This is a cheap and easy tool to pick up at the hardware store,
but you’d be surprised at how many people don’t own a set. See the Allen wrench set in Figure 2.5 if
you’re not familiar with them.



(M

Figure 2.5 A set of Allen wrenches.

Consider your own comfort level, too. Not everyone enjoys taking a bag of 50 or even 100+ parts and
putting it all together. I’ve put together three 3D printers over the past few years, and I’'m comfortable
reading instructions, asking questions, and “figuring it all out.” But if that’s not your idea of fun, a kit
may not be for you. (I do believe that putting something together, like a 3D printer, is one of the best
ways to understand how something works and how to repair it later.)

Operating System Compatibility

Some 3D printers work with the Apple OS X operating system (OS), and some 3D printers play well
only with Microsoft Windows. Let’s not forget that the Linux operating system is enjoyed by many
people around the globe, but unfortunately not every 3D printer can be connected to a computer
running this particular OS.

Whatever your choice of operating system, make certain that your new 3D printer can be connected to
your computer. Without a compatible computer (and OS), you won’t be able to print your 3D objects.
The question to always ask (or look for on product pages) is “what operating systems support this 3D
printer?”

By all means, dig deep and make certain that the version of your OS is supported. If you’ve got an
older computer running Windows XP and that new 3D printer you purchased supports only Windows
Vista or newer, you’re going to have to upgrade your OS (if you even can) or find a new computer to
connect it to.

Note

Be aware that it’s not just the 3D printer’s compatibility with your OS that you should be



concerned with. You also want to make certain that whatever 3D design software you want to
use will run on your OS. Software is discussed later in the book, but for now know that some
3D printing software runs only on Windows, for example. Other 3D printing software might
work with only the Mac OS. (And poor Linux has even fewer options.)

Cost and Type of Filament

Because this book is focused on plastic 3D printing, you’ll typically be purchasing your plastic
filament in one of a half-dozen varieties. There are two types of filament, however, that you’ll find
most used in the hobbyist 3D printing world—PLA and ABS.

PLA is Polyactic Acid and ABS is Acrylonitrile Butadiene Styrene. I’m not a chemist, but I can tell
you that these two types of plastic do have slightly different characteristics, and you need to ask which
type of plastic is recommended for use with your 3D printer.

PLA has a lower melting temperature than ABS (but the hot end will still be too hot to touch), it’s
biodegradable and the smell is not nearly as offensive as ABS. ABS, however, produces a much harder
3D object and can sometimes be found on sale at a lower cost than PLA. PLA and ABS come in a
variety of colors, as well.

Both are typically sold by the kilogram. My first 3D printer used PLA, so I’m a bit fond of it. It smells
better when melted, and I like the fact that it’s better for the environment.

Pricing varies from site to site, so it pays to shop around. To give you an idea of pricing, printrbot.com
is currently selling one kilogram of natural color PLA or ABS at $30, but MakerBot is selling it for
$43.

Resolution/Nozzle Diameter

Keep in mind that 3D printing technology changes constantly, so you’ll also want to be looking into
what level of resolution a 3D printer can provide. Currently there are two popular filament sizes (in
terms of diameter) you can purchase. These two diameters are 1.75mm and 3mm.

I mentioned in Chapter 1 that the hot end is responsible for heating, melting, and extruding the molten
plastic onto the print bed (surface). You always need to check to see what size of filament is used by
your 3D printer so you can purchase the right diameter.

But the nozzle diameter is also its own consideration. The Simple extruders use a 0.4mm diameter
bead of plastic and provides smoother surfaces (generally speaking) than a nozzle with a larger
diameter. Think about it in terms of a fine-point pen versus the wider point of a highlighter. With the
finer point, the output on paper is a finer line and sharper details. With the wider point, the output is a
wider line and less detail on things like curves. When your 3D printer lays down lines of plastic on the
print bed and builds up layer after layer, that 0.4mm nozzle gives smoother transitions between layers.
Figure 2.6 shows the difference in surface smoothness between two nozzles of different resolution.
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Figure 2.6 Note the finer resolution of the layers.

More and more 3D printers are coming that use the 1.75mm filament and the 0.4mm (or even smaller)
diameter nozzle, and the benefits are definitely worthwhile: faster feed rate (the filament can be fed
into the extruder and then into the hot end at a faster speed), more detailed designs can be printed, and
the motor has to apply less power (torque) to feed the filament into the hot end. Still, the 3mm
filament shouldn’t be discounted. A lot of prototypers and hobbyists like a larger nozzle because it
puts down more plastic in a single pass, and it takes less time to print large objects (fewer layers).
Keep all this in mind as you do your shopping, but remember that filament in either diameter is just
about the same price. Buy a 3D printer based on what your printing needs are. If you’re designing
small trinkets that might be used to create molds for jewelry, you’ll probably appreciate a smaller
diameter nozzle and the detail it can provide. But if you’re printing out large gears for testing in your
handmade robots, for example, a larger diameter nozzle will get you those gears faster.

Print Bed Size and Leveling

All 3D printers lay down the bead of melted plastic on the print bed. This print bed is a flat surface
that helps to ensure that each layer is parallel to the floor and that the hot end isn’t printing out a
lopsided object. Most 3D printers come with a method for leveling the print bed, but not all. It’s
definitely helpful to be able to level the bed (and the printer itself), especially if you get in the
practice of toting your 3D printer with you to various places. You never know where you’ll be setting
the printer, so being able to make certain the printer and the print bed are level to the ground is a nice
benefit.

Note

If your 3D printer doesn’t come with small feet for leveling, you can easily add them. Just
purchase a set from any hardware store, but be sure to buy the kind that you can turn with
your fingers to raise and lower. Investing in a tiny level can also be helpful when fine-tuning
the printer.

Another consideration when it comes to the print bed is the bed size print area. The Printrbot Simple,
for example, is a smaller 3D printer, and it can print out only objects that would fit inside a 4" square
cube—or 64 cubic inches. This might not be a problem for someone wanting to print out custom game
pieces for Monopoly, for example, but if you’re thinking you want to print out a 6” tall robot body,



you’ll want to find a 3D printer that can handle the printing of larger objects or resort to breaking that
robot up into individual parts (arm, body, head) and assembling them after printing. For example, the

MakerBot Replicator 2 can print objects as large as 410 cubic inches—that’s about 11” long x 6” wide
x 6” tall.

You’ll find printers that can print extremely tall objects but are limited to length and width. Likewise,
you’ll find printers that can print extremely wide and long objects but don’t offer much in terms of Z-
axis movement (height). Again, think about exactly what kinds of objects you want to print. If you’re
not sure, look for a happy medium or just go with the inexpensive Simple to see what you can do. By
the time you find that the 4" cube printing area isn’t big enough, you’ll have a better idea of what you
want to create with your next 3D printer purchase. (You’ll quickly find, as many 3D printer owners
have, that one 3D printer is never enough. It’s an addictive hobby; I own three 3D printers myself.)

Do Your Homework

I would place researching and purchasing a 3D printer somewhere between the purchase of a toaster
and a car. You’ve definitely got a number of factors to consider, but don’t let them overwhelm you.
Your first 3D printer doesn’t have to be the one with the most bells and whistles, and truth be told,
unless you’re extremely comfortable with technology and troubleshooting, you’ll likely find yourself
getting frustrated and overwhelmed with the most advanced 3D printers out there.

Instead, start as small and as uncomplicated as you can get. There’s a very good reason I’ve chosen
the Printrbot Simple for this book—actually, there’s a number of good reasons:

* Its low cost—At $300, it’s a perfect way to discover whether the 3D printing hobby is for you.

* It’s easy to assemble—Compared to my first 3D printer that took me almost an entire weekend to
assemble, the Simple took somewhere between two and three hours. (I took plenty of breaks and
worked slowly to avoid mistakes.)

* [t doesn’t use a proprietary filament cartridge.
e [t comes standard with the finer 0.4mm hot end that also uses the 1.75mm filament.

* The Printrbot crew has proven to me that they have outstanding customer service. (This is my
second 3D printer from printrbot.com.)

The Simple comes with an excellent set of assembly instructions, and in the next chapter I provide
commentary and photos on building it.

But should you purchase another brand of 3D printer, you’ll still find the rest of the book useful. The
3D printer is the hardware, but there is still a software element that you’ll need to understand, and my
goal with this book is to make this technology as easy to understand as possible.

So, let’s continue to Chapter 3, where I use the assembly of the Printrbot Simple to explain more
concepts related to printing 3D objects.
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3. Assembly Assistance for the Printrbot Simple

If you don’t own a 3D printer but are in the market for one, you may be wondering about the pros and
cons of purchasing a kit versus a preassembled printer. I’ve built two 3D printers, and I can tell you
that it was fun putting all the parts together, tightening the bolts, attaching the motors, and wiring up
the electronics. But I’'m comfortable doing those kinds of things. You may not be.

There is nothing wrong with purchasing a 3D printer that comes ready to use, right out of the box. I'm
not comfortable doing my own taxes or dealing with plumbing issues. I know my comfort level with
many things, and taxes and plumbing are on the HIRE SOMEONE list.

Most 3D printers come with excellent documentation. Questions you may have can usually be
answered with a phone call or email to the company, but many 3D printer hobbyists out there are also
quite friendly and helpful to novices who post questions on a forum. Many 3D printer kits may look
complicated as you stare at all those bags of loose components, but I know a number of nontechnical
folks who have successfully put together a 3D printer by moving slowly and steadily through the
process.

To give you a better idea of what’s involved with a 3D printer assembly, I provide some commentary
that goes hand in hand with the assembly instructions for the Printrbot Simple. The Printrbot company
has great instructions on its website, and I’m not going to re-create the entire assembly document it
has already created. Instead, I include some photos of my Simple’s assembly and use the various
stages of completion to provide you with some more details and discussion about 3D printers and
areas of assembly that might give you pause or concern.

Before you start this chapter, however, you might want to open a web browser and point it to the
following address:

http://printrbot.com/shop/printrbot-simple/
This is the Simple’s home page, where you can find the online and up-to-date building instructions
provided by Printrbot. Because Printrbot occasionally makes improvements to its kits, you should
check the official website for the most accurate assembly instructions. If you’re feeling ambitious,
feel free to read along with my assembly discussion while you view the official Printrbot assembly
instructions online.

While you’re there, be sure to download the Bill of Materials (BOM) PDF file so you can get a
complete listing of all hardware included in the kit. Should you purchase the kit (versus the
preassembled version), you can use the BOM to verify you’ve got all the parts you need to do the
assembly.

Printrbot Simple Assembly Part I

The first thing I’m going to do is verify that I have all the parts. I mentioned in the previous section
that the Printrbot website offers a PDF file for download that contains the BOM. I can use this to make
certain I have all the nuts and bolts, laser cut pieces, motors, and so on. You get the idea.

Figure 3.1 shows the current version of the BOM. Don’t go by this one because Printrbot may

occasionally update the Simple and change the parts list. But as you can see, it lists things such as qty-
12 8mm Linear Bearings, qty-34 Hex Nut- M3, and qty-1 Extruder gear, among others. (Keep in mind,
however, that the BOM for your Simple may very well have changed by the time you’re reading this.)
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] Bearings/Zip ties (] Hardware

12 8mm Linear Bearing 1 21/2"6-32 screw
43 Zip Tie 1 Hex Nut - 6-32 (locking)
j] | 1 LaserCut Simple Parts Kit 18 M3 10mm screw

30 M3 16mm screw

6 M3 20mm screw

|:] Rods 4 M3 30mm screw
2 10" Smooth Rod 34 Hex Nut- M3

4 61/2" Smooth Rod 1 M5 16mm screw

1 |71/8" Acme Rod
1 Acme Nut - 1/4"

=] Wiring Bag
1 Hotend Power Cable 4  Bed Springs
1 Hotend Thermistor Cable 1  Spring - 3/4"
1 red/black power adapter 1 Extruder Gear
1 Micro USB Cable 1 625Z7 Bearing
1 Ubis Hot End (1.75mm, 0.4mm tip)
1 3it fishing line i) Motors
4  small Kysan motors
[ | 1 Laptop-style power supply
[ | 1 Filament ]| 1 Electronics Board

Figure 3.1 The BOM for my Printrbot Simple.

After I’ve verified that I have all the parts, it’s time to start assembly. Some 3D printer manufacturers
provide the assembly instructions in printed form, and others may send a DVD that contains
documentation or videos that walk you through the assembly. Printrbot puts its assembly instructions
online; you can see the first few steps in Figure 3.2.



Step 1 — Printrbot Simple Edit ©
Instructions

@& The wood kit for the Simple

View huge
Image metadata

Step 2 Edit ©
@& Zip tie your bearings on the base plate bringing the
Zip tie up through the bottom of the plate.

@ [tdoes not matter which side the nub is on the bearing
slot.

@ B-ziptes
® 4-LMaUU Bearings

@ Tip - place Bmm smooth rod through the bearings as
you tighten the zip ties to ensure alignment of
bearings.

Figure 3.2 The first assembly steps for the Printrbot Simple.

To make things go a bit smoother, I’ve laid out all the laser-cut wooden pieces to make them easier to
find. As you can see in Figure 3.3, my layout of parts matches the layout for step 1, shown back in
Figure 3.2. The only difference is that I’ve added the rectangular print bed near the top of my layout.
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Figure 3.3 My laser-cut parts are ready to be assembled.

I can’t speak for all 3D printer assembly instructions, but I have found that reading through the
instructions one or two times prior to beginning assembly often helps to visualize how everything is
going to come together. One thing I like about the Printrbot Simple instructions is that there are
multiple photos for each of the steps. If you move your mouse pointer over another photo, the main
image changes. Doing this can often help you to verify that you’ve got a part oriented properly when
connecting to other parts.

Note

You might want to lay out all your wooden pieces and try to match them up to the ones shown
in the official assembly instructions. It’s a great way to make sure you have all the wooden
parts before you begin assembly.

Early Assembly Observations

In the first few steps, you assemble the base of the Simple. You see how to connect bearings to one of
the larger laser-cut pieces. The bearings have a slightly greasy feel because some oil has been applied
to them for lubrication. Later you’ll insert metal rods through the centers of the bearings, and the
lubrication will allow them to slide back and forth easily. Figure 3.4 shows that I’ve got all four
bearings attached to the wooden piece with zip ties. Notice that I haven’t yet clipped the zip ties like



the ones shown in step 2 of Figure 3.2. I’'ll clip them before moving on to the next step.

-
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Zip ties make for an easy
method of assembly

Figure 3.4 Metal rods will be inserted into bearings (underneath the wood piece).

Note

If you look back to Figure 3.2, notice that the BOM describes the bearings with a part number
—LMBS8UU. Fortunately, all the bearings included in the Simple kit are labeled. You have to
look carefully, but the part number is visible on the rubber gasket that’s inserted inside one
end of each bearing.

Many 3D printers use aluminum rails or other materials to form a base. Instead of zip ties, these types
of materials often require nuts and bolts to lock everything down. Part of the low cost of the Simple is
found in the materials, such as the wooden frame pieces and the zip ties. Be certain to do your
research so you’ll know the method used for assembling your own 3D printer.

Speaking of zip ties, you want to get into the habit of carefully examining the photos of the assembly
instructions. You’ll often find clues about the proper placement of the nub that is formed when the zip
tie is closed and locked. This nub can sometimes get in the way of moving parts. For example, if the
text doesn’t tell you which side of a piece of wood that the zip tie’s nub should be on, consult a photo.
During my assembly, there was never any question about which side of a piece of laser-cut wood the
nub would go, but work slowly and always verify with a photo if you can.

Early in the assembly, you’ll connect your first motor to a piece of laser-cut wood, as shown in Figure
3.5.



Figure 3.5 X-axis motor attached to a laser-cut piece of wood.

You should be aware of a few items when bolting a motor onto a piece of wood:

* You want to find and use the proper length bolt that will go all the way through the wood and into
the motor. The motors for the Simple have four holes for bolts.

* You do not need to crank the bolts down tightly; tighten them with an Allen wrench until they’re
snug, but don’t tighten so much that the bolt cuts into the wood or crushes it.

* Use a ruler (see Figure 3.6) to verify the length of all the bolts and pieces you’ll be using. Many of
the small M3 bolts that come with the Simple differ in length only by 5mm. Even better, open the
bag of bolts and separate them into cups or baggies by size. It’1l save you frustration when you’re
in the middle of your build.



Figure 3.6 Use a ruler to verify the lengths of a bolt.

» Each motor has a length of wires coming out of one side. Use photos to help you determine the
proper orientation of the motor so that the wires are pointing in the right direction. This will help
later when you’re putting the Simple together and all the wires are running in the same direction
(toward the circuit board). Also, many of the laser-cut pieces of the Simple have holes for routing
wire through them. Use the instructions and the photos to discover the correct mounting position.
(If you make a mistake, unbolting a motor and rotating it takes only a minute.)

The first two motors you’ll attach are for the X axis and the Z axis. The X-axis motor is used to move
the print bed left and right (when looking at the Simple from the front). The Z-axis motor turns an
item called a lead screw. Notice in Figure 3.7 that the Z-axis motor has its wires going through the
precut rectangular hole. Also note that the instructions point out the two small circles that run up the
left edge of the laser-cut piece of wood. This bit of information will help you attach the Z motor
properly. If you mount it on the wrong side, the Z-motor axle (the metal rod that you can turn with
your fingers) will have the two small circles on the right side.



Figure 3.7 The Z-motor’s wires are inserted up through the rectangular hole.

After the X and Z motors are attached to their respective wood pieces, it’s time to assemble the base.
You can see in Figure 3.8 that the base is partially assembled (and the bearings that were slightly
hidden in Figure 3.4 are now visible); it still needs the right side (if viewed from the front) and the
two 10” metal rods inserted into the two laser-cut circles.



Figure 3.8 The Simple’s base is ready for more parts to be added.

The X-axis motor and the Y-axis motor both have a small piece of clear vinyl tubing that is inserted
over their axles. Don’t push the vinyl tubing all the way into the axle hole, because the tube will rub
and will provide resistance to the motor when it wants to spin. After you’ve inserted the tubing over
the axle, put a zip tie on it near but not touching the motor. I put mine on with about 1/8” space of
tubing left behind the zip tie, and both motors rotate just fine. Pull that zip tie as tight as you can get
it, too. You’ll hear a click as it tightens up, and you can use a pair of pliers (pulling on the loose end)
and a screwdriver (placed against the nub) to get one or two more clicks of tightness.

Note

Some Simple owners have suggested putting on the zip tie first and then tightening it down
before inserting the metal axle. This might work, but there’s also the chance that you’ll



tighten too much and never get the vinyl tube to fit over the axle. When the tube is on and
tightened, rotate it with your fingers. If the metal axle rotates, you’ve probably got the vinyl
tubing tight enough.

When you connect the X-axis assembly to the base, you’ll also get your first experience in using the
small M3 nuts. These nuts are inserted into the small slot in the laser-cut wood, as shown in Figure
3.9. The nuts fit into the slot only one way, but even then you may have to give it a good squeeze to fit
in there. After the nut is inserted into the slot, you’ll screw in an M3 bolt to hold the motor (or other
pieces of wood) in place.
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Figure 3.9 The M3 nuts go into the laser-cut slots sideways to accept a bolt.

Finish the base by attaching the right-side wood piece, and make certain the Z-motor and X-motor
wires are coming up out of the rectangle cut in the center of the top piece of wood.

Midway Through Assembly Observations

When it comes to the two 10” metal rods, you need to be very careful when inserting them through the
cut holes. The instructions recommend using a hammer or a rubber mallet, and I highly recommend
the rubber mallet option. The keys to this step are to hold each rod perfectly vertical as you hammer it
into the circular hole. You’re going to feel resistance because the holes are slightly smaller in
diameter because the rods must be held securely and tightly for the Z-axis to work properly. You can
see in Figure 3.10 that I was successful in getting both metal rods inserted; pay attention to the
instructions that tell you to place some extra wood pieces underneath the bottom of the base so it
doesn’t crack.



Figure 3.10 The Z-axis metal rods are inserted.

Next, use zip ties to connect the bottom X-axis plate shown in Figure 3.11 to the two 6.5” metal rods
inserted into the X-axis bearings. These rods should move left and right easily, with almost no
resistance. Pay attention to how the nubs of the zip ties rest on top of this plate and not the bottom.
You also want to make certain the small hole on the plate is on the left (when looking from the front).
This hole will be important if you decide to install the limit switch packet that comes with the Simple.



Figure 3.11 The bottom X-axis plate needs zip ties to lock it in place.

Note

What are limit switches? Limit switches will cut power to a motor when they are triggered,
and they’re used by the Printrbot Simple to stop the motors spinning when certain limits are
reached. For example, a limit switch attached to the print bed can be used to stop the X-motor
when the print bed moves as far as possible to the right. Later you can use limit switches to
“talk” to the software (see Chapter 5, “First Print with the Simple”)—this lets the software
know when the motors have reached their maximum safe travel distance, as well as assist in
defining a starting point (called Home) for print jobs. Note that limit switches were not
available to me at the time I assembled my Printrbot, but instructions for installing limit
switches are now available from Printrbot. Limit switches are also shipped with all Printrbot
kits, so there’s really no reason to not install them.

After you attach the bottom X-axis plate, it’s time to add the fishing line used to move the X-axis
print bed left and right. The trick for the X-axis is to get the line good and tight with three to four
wraps around the vinyl tubing. It took me a couple of tries, but I was able to get it tight enough that
moving the plate by hand would spin the tubing and the motor axle. Get a helper if you need someone
to pull tight on the fishing line while you tighten the bolts. I wish I’d had someone nearby when I was



at this step!

After you’re satisfied that the bottom X-axis plate moves smoothly left and right (and the fishing line
stays secure on the vinyl tubing), attach the print bed using the 3M bolts with the small springs
between the top plate (print bed) and the bottom plate. By tightening these four bolts, you’ll be able to
level the print bed when you begin testing your printer.

It’s critical that the print bed be completely level so that the tip of the hot end that is extruding hot
plastic doesn’t scrape against any portion of the wood print bed.

When you’re done with the X axis, it’s time to tackle the Y axis. The Y-axis steps are not complicated,
but there are a lot of them! The Y-axis assembly starts when you attach four bearings on one side of a
laser-cut wood piece and four bearings on the other side. (The step number may change, but this
should help you know when you’ve reached the Y-axis point in the assembly.)

Again, pay attention to the location of the zip tie nubs as well as the orientation of the wooden pieces.
Use the photos as visual clues. For example, in Figure 3.12, you’ll see that an angled notch is cut into
this normally square piece. That angled notch will help you orient the piece and show you where the
zip tie nubs are to be located so they don’t interfere with any moving parts.

Lots of ties and bearings—
/use this notch to help

™~ Zip ties hold the bearings
in place

Figure 3.12 The Y-axis assembly begins with this piece.

Finish attaching a few more pieces to the wooden piece with all the bearings, and then bolt in the Y-
axis motor (again, using photos to help you determine which side of the wooden piece the motor
should be attached to as well as the direction of the wires). I’m going to call this Y-axis Mini-
Assembly 1. Set this piece (with the motor) aside for a moment.



You’ll now build the Y-axis Mini-Assembly 2, which is fairly straightforward. When you’re done,
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you’ll have a long Y-axis assembly that looks like the one in Figure 3.13.

Figure 3.13 This assembly allows the hot end to move backward and forward.

Set the Y-axis Mini-Assembly 2 aside with Mini-Assembly 1, and next you’ll tackle part of the Z axis.
The Z axis differs from the X and Y axes in that it won’t be using fishing line. Instead, the Z axis
requires the use of the 10” lead screw with a piece of vinyl tubing zip tied to it, as shown in Figure

3.14.




Figure 3.14 Use a zip tie to hold the vinyl tubing to the lead screw.

You then insert the open end of the vinyl tubing over the Z-axis motor and use another zip tie to hold
it in place. Get that zip tie good and tight, as shown in Figure 3.15. Spin the lead screw with your
hand; if the motor axis turns easily, cut the tail on the zip tie. Otherwise, tighten the zip tie a bit more.
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Figure 3.15 Attach the lead screw to the Z-axis motor.

End of Assembly Observations

Next, you’ll tackle attaching the circuit board. This is easy, but be careful not to damage the circuit
board or touch any of the sensitive electronics parts on its surface. It will help you to connect the
power plug to the circuit board after you’ve zip tied the board to the side of the Simple, as shown in

Figure 3.16.



Zip-tie the CircUit Py
board to the side ‘:/
of the Simple

Figure 3.16 All the wires from the motors will eventually connect to the motherboard.

Now it’s time to attach both Y-axis mini-assemblies (1 and 2). Find the small nut that fits the lead
screw. Slide the Y-axis Mini-Assembly 1 over the two 10” metal rods so that the lead screw comes up
and through the cutout in the shape of the nut. Stick the nut into the hole and thread the lead screw into
it. Make sure the nut stays in the (nut-shaped) hole, because you then use two M3 bolts to lock that nut
into place, as shown in Figure 3.17.

™\ Lock the nut in place
with two M3 bolts




Figure 3.17 The lead screw will control the up/down movement of the hot-end.

Next you’ll insert two additional 6.5” metal rods through the Y-axis bearings. The same as with the X
axis, you take the Y-axis Mini-Assembly 2 (shown back in Figure 3.13) and attach it to the Y-axis
Mini-Assembly 1 with zip ties around the metal rods. Make certain these zip ties are as tight as you
can get them — the tighter the better. And while you’re at it, go ahead and tie a small knot and secure it
with an M3 bolt and nut to the inside of the long Y-axis piece, as shown in Figure 3.18. (In Figure
3.18, you can also see the zip ties holding the longer Y-axis assembly.)

™ Tie off one end of the
fishing line and lock it
down with an M3 bolt

Figure 3.18 The Y axis assembled, and fishing line attached on one side.

Wrap the fishing line three to four times around the vinyl tubing and secure the other end with an M3
bolt and nut, keeping the line as tight as possible.

Note

I found that wrapping loosely and using my thumb to cover the end of the vinyl tubing
prevented the fishing line from slipping off. After I had three to four wraps, I used my
fingernail to push the fishing line together (making sure it didn’t overlap on itself) while
pulling on the free end and keeping tension on the line. If you’ve got someone to help, the
person can hold and keep tension on the free end of the line as you wrap. Whichever way you
do it, try to keep tension on the line as you wrap and secure it.

In the remaining steps, you assemble the extruder and hot-end assembly. You start by stacking a mix
of five odd-shaped parts and securing it all with three M3 bolts as shown in Figure 3.19.



Figure 3.19 Starting the extruder assembly.

In additional steps you assemble smaller bits (some using wood glue) that end up looking like the item
you see in Figure 3.20. This little collection of parts puts tension on the plastic filament as it is being
fed into the hot end, so go slowly, making sure all the pieces and parts are oriented properly, and
attach it carefully!



Figure 3.20 More bits that make up the extruder assembly.

You begin wrapping up your assembly by inserting the small driver gear over the axle of the extruder
motor. Notice it has small grooves on it (teeth) that will grab onto the filament and help feed it into
the hot end.

Insert the hot end, secure it with a couple of M3 bolts, add the last few wooden pieces used to direct
the filament into the hot end, and you’re done! When you’ve finished your Simple, it should look like
the one in Figure 3.21.



Figure 3.21 A finished Printrbot Simple, ready for testing.

Connecting All Wires

All that’s left now is to connect up all the various wires to the circuit board. You’ll want to look
carefully at the circuit board and attach the wires to their respective plug-in ports. For example, the X-
motor’s wires all terminate in a white plug that looks like the one in Figure 3.22.
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Figure 3.22 A closeup of the Simple circuit board.

I’m hesitant to point out any particular ports on the circuit board because these could easily change in
future versions, but one thing I do wish to point out is that every port is labeled. This makes it easy to
match up the motors and hot-end to their proper ports. For example, in Figure 3.22, if you look at the
very bottom of the board, you’ll see a white port with the letters T-EXT. The hot-end is constantly
sending its current temperature to the circuit board (and on to the software used in 3D printing), and
you’ll need to make sure to connect the proper wire coming from the hot-end to this port.

Likewise, you’ll find motor connectors running down the left side of the circuit board. In Figure 3.22,
motor ports on the circuit board have a label like Z-MOT, Y-MOT, X-MOT, and E-MOT. These



correspond to the four motors, Z, Y, X, and Extruder, respectively.

Again, you’ll want to consult the Getting Started Guide for complete instructions on wiring up your
own Simple.

Finishing Thoughts

My total build time was less than four hours. Keep in mind that I was shooting photos and taking
notes, so I might have been able to complete it in three hours or less. But I wasn’t in a hurry, and you
shouldn’t be either.

There’s a reason this 3D printer is called the Printrbot Simple. It’s not hard to build. You have to take
your time, examine the photos, read the assembly instructions, and look over all the parts in your kit
to make sure you’ve got everything. It’s amazing that the only tools required were two Allen wrenches
(2.5mm and 1.5mm), a Phillips-head screwdriver, pliers, scissors, wood glue, and my two hands. I’ve
put together furniture that required more tools than this!

Still, I know that the first time building a 3D printer can be a bit stressful. I recommend frequent
breaks. If you hit a snag or get frustrated, walk away for a few minutes.

Sometimes, skipping ahead in the instructions can also help. I don’t mean you should jump ahead and
start building, but simply observe. Look at photos and read instructions, and you’ll find that
sometimes a question you have is answered a few steps forward. I found myself doing this a few times
when I was trying to understand how one or two small pieces were oriented with respect to other
pieces. Another time, I jumped ahead to see a photo that showed me the proper orientation of the
wiring on one motor. Take advantage of the dozens of full-color photos that often help you out.

Note

Don’t ignore the Printrbot forum! You’ll find that each of the Printrbot models, including the
Simple, has its own area on the forum, and plenty of “experts” lurk there who are happy to
help someone new get a 3D printer working and printing.

Keep in mind that the assembly instructions for the Simple are a work in progress. If an error is found,
it’s usually fixed quickly and an update is posted online. In fact, as I wrote this, I went over the
assembly instructions and found two new steps for creating a flat surface on the extruder motor’s axle
with a file. Those weren’t there yesterday, and I’'m glad I found them because it’s an easy thing to
remove the extruder motor and perform this step.

So, I’ll wrap up this chapter by summarizing some of the lessons I learned during my Simple build:
* Don’t overtighten your M3 bolts.
* Look at photos to determine where a zip-tie nub is placed (and on what side of the wood).

* An extra set of hands is always nice, especially when wrapping the fishing line around the vinyl
tubing on the X and Y motors.

* Use a ruler to measure the length of bolts; don’t eyeball them.
« If a step doesn’t call for wood glue, don’t use it!
« Use a screwdriver and pliers to tighten a zip tie one or two more clicks.

* When hammering in the 10” metal rods for the Z axis, use a rubber mallet and go slowly. The
metal rods do not need to go all the way through the holes on the very bottom of the Simple; 3/4 is
fine.



* When in doubt, contact tech support at (http://www.jotformpro.com/Printrbot/support-ticket) or

post a question on the forum (http://www.printrbottalk.com/forum/)
I wish you the best of luck as you build your Simple! It was fun to build, and I cannot wait to fire it up
and start printing, which is the focus of Chapter 4, “Configuring the Software.” I also show you how to
test your Simple to make sure everything works as designed, and then we print a test item. Let’s go!



http://www.jotformpro.com/Printrbot/support-ticket
http://www.printrbottalk.com/forum/

4. Configuring the Software

Successfully building a 3D printer is an amazing accomplishment. If you’ve finished building your
own Printrbot Simple (or have just received a preassembled unit), you’re ready to move forward with
the next step of the 3D printing process. It’s all about the software now, and as you’ll discover in this
chapter, you need to know a few things about the specialized software used by hobbyists to print in
plastic.

If you’re ready to get started with the software part of the process, you should download and read over
the “Simple Getting Started Guide” that the Printrbot team has created just for the Simple. It’s a PDF
file that explains which software to download and install and how to test your Simple to make sure
everything is working properly. I cannot stress enough that it’s important to read through the “Simple
Getting Started Guide” completely before you download and install the software. To grab the guide,
open a web browser and point it to the following web address, as shown in Figure 4.1:

http://printrbot.com/support/instructions-and-guides/

PR printrbot a Account

Home 3D Printers - Fllament - Paris & Accessories -  Support News

You are here: Home > Support > Instructions and Guides

Instructions and Guides

Printrbot Simpile Printrbot Plus Printrtbot jr Printrbot LC Other

Build Instructions Build Instructions Build Instructions Build Instructions All Instructions

Getting Started Guide (B-2-13) Getting Started Guide (6-12-13) Getting Started Guide (6-12-13) Getting Started Guide (6-12-13) Accessories

Older Models

Figure 4.1 The Download page for the “Getting Started Guide.”

Types of 3D Printing Software

I promised you early in the book that I would keep the technical discussions as easy to follow as
possible, so first I want to reduce as many of the acronyms and strange terminology as possible.
You’ll pick up on this stuff anyway, after you get more confident in using your 3D printer, but when
you’re just beginning, this is what you need to understand:

* You’ll use special software to create 3D objects. This software is sometimes called CAD software;


http://printrbot.com/support/instructions-and-guides/

CAD stands for Computer Aided Design. It is software that helps you do the complicated stuff,
such as creating straight edges, curves, and ensuring dimensions are correct (such as the length of
the side of a cube) and all the other tasks involved in taking an idea in your head and making it
appear on the screen of your computer.

* You also use special software to slice up that 3D object into layers—remember layers from
Chapter 1, “The Big Question—What is a 3D Printer?” Your 3D object will be printed one layer at
a time, with molten plastic coming out of the hot end. A special bit of software is needed to cut
that 3D object into the various layers that, when stacked, make up the physical 3D object you’ll be
able to hold in your hands. This software takes each slice and converts it into special data (called
g-code) that tells the hot end where to move as it lays down a bead of molten plastic.

Another type of special software controls the electronics in your 3D printer. The three motors that
control movement along the X, Y, and Z axes must have instructions given to them that control
the direction that the motor axles rotate. The hot end must be instructed to heat up to a specific
temperature that starts melting the plastic. And there’s much more. This controlling software is
sometimes referred to as Computer Aided Manufacturing, or CAM. It sounds complicated (and it
can be), but all you need to know is that CAM software takes the g-code generated for each slice
of your 3D object and uses that code to instruct the axes’ motors how to move.

I’ve simplified the software explanation greatly, but honestly, it doesn’t need to be complicated. In a
nutshell you need software that lets you create a 3D object model, software that takes that 3D object
model and slices it into layers and converts those layers into code, and software that takes that code
and “talks” to the 3D printer so it knows how and where to move.

For me, the complicated part of the software is finding the software you can use with your particular
3D printer. Dozens of options are available for software that can slice up objects and “talk” to 3D
printers, and hundreds of CAD applications let users create 3D objects.

The simplest route is to start with what the 3D printer manufacturer suggests for software. In some
instances, you may be referred to a web page that lists all the compatible applications that will work
with your brand of 3D printer. In other instances, some 3D printers use proprietary software created by
the manufacturer, so the choice may already be made for you.

When it comes to the Printrbot Simple, you aren’t locked in to any one type of software, but what’s
nice is that Printrbot suggests one particular application in the “Simple Getting Started Guide” and
walks you through all the configuration settings that are specific to the Simple. So that’s what I'm
going to do for this chapter; I’'m going to download Repetier and show you how I go about connecting
my computer to the Simple, and testing and configuring it before I begin printing.

Downloading the Repetier Software

I use a MacBook Air, but if you use a PC, you’ll be happy to know that the software recommended by
Printrbot is available for both Windows and Linux. Most of the figures you’ll be seeing in this chapter
are from my Mac, but you’ll find that the software looks similar in most, if not all, of the
configuration screens. Again, if you hit a snag, contact Printrbot or Repetier with your question or post
it on a forum.

Note

The Repetier software is free to use, but if you really like it and enjoy it, you might want to
consider making a donation to the company. You can visit http://www.repetier.com/donate-



http://www.repetier.com/donate-or-support/

or-support/ to make a donation. The amount is up to you, but keep in mind that financial

support means updates for the software and continued technical support.

I’ve downloaded the software to my Mac and double-clicked the icon to install it. If you’re a Mac
owner, you’ll probably find that the software is from an “unidentified developer” and cannot be
installed. Don’t worry—the software is fine if you’ve downloaded it directly from Repetier. All you
need to do is hold down the Control key and click the installation icon (and your login user account
must be of the admin type that allows for installing software). A menu appears, and you should click
the Open option at the very top. You’ll see a window appear like the one in Figure 4.2. Click the Open

button to run the Repetier application.

unidentified developer. Are you sure you

\# “Repetier-Host Mac” is from an
want to open it?

Opening “Repetier-Host Mac™ will always allow it to
run on this Mac.

“Repetier-Host Mac” is on the disk image "Repetier-
Host-Mac_0_56.dmg". Safari downloaded this disk
image today at 1:35 PM from www.repetier.com.

(?) | Open | | Cancel '|

Figure 4.2 Installing the Repetier software on a Mac.

When Repetier first opens, you’ll most likely see two open windows like the ones in Figure 4.3. One is
the Preferences window for the Repetier software, and the other is the Repetier software user
interface. Go ahead and close the Preferences window; in the rest of this chapter I focus on the settings

you must make in the basic user interface.
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Figure 4.3 The Repetier software and its Preferences window.



Note

There are dozens and dozens of items to configure in Repetier, and Printrbot’s “Simple
Getting Started Guide” for the Simple shows you the most important ones to configure.
However, you may want to consult the official Repetier configuration instructions by visiting
http://www.repetier.com/documentation/ and clicking the link that corresponds to your
operating system.

Because there are so few configuration settings to make prior to printing with the Simple, I’m going to
go over most of them and share with you some details about these settings so you’ll understand a bit
more about their values and when you might have to change some of them.

Repetier Settings

The first Repetier configuration starts when you click the Printer Settings button, which opens the
Printer Setting window shown in Figure 4.4.

8o0n Printer settings
Configuration: | Simple || Add | | Delete
- Behaviour Dimension Advanced } _—

Port: | usbmodem12341 =
Baud Rate: [ 250000 il
Stop Bits: [ 1 *
Parity: | None :J
Transfer Protocol: | Autodetect =
Receive cache size: 127

Maost firmwares have a buffer of 127 bytes. The official boards supported by Arduino 1.
only have 63 bytes.

|:| Use Ping-Pong Communication (Send only after ok)

The host can speed up communication, if it sends as many commands as fit into the
receiving buffer. In Ping-Pong mode, only one command is send at a time. Only after the
printer send an ok signal, the next command is send. Use only if you have problems
without Ping-Pong moda.

[E' Firmware sends OK after error

Normally a printer sends ok even if needs a command resend. Uncheck if your printer
doesn't do this.

[ oK ] | Apply | | Cancel

Figure 4.4 The Printer Settings window.

Click the Add button and a small window appears, like the one in Figure 4.5. Type in Simple and click
Create.


http://www.repetier.com/documentation/

Add new printer configuration

Name: | |

| Create | | Cancel |

Figure 4.5 The Add window enables you to create a custom configuration.

Make certain you have the Connection tab selected on the Printer Settings window, and then make the
following configurations as indicated in Figure 4.6.

Behaviour Dimension Advanced }

— Select Port
Port: [ usbmodem12341 —— ,]
Baud Rate: 250000 su—
Stop Bits: ~ 3| — Set Baud Rate
Parity: | None :
Transfer Protocol: l Autodetect - ]
Receive cache size: 127 Change Cache Size

Maost firmwares have a buffer of 127 bytes. The official boards supported by Arduino 1.
only have 63 bytes.

|:| Use Ping-Pong Communication (Send only after ok)

The host can speed up communication, if it sends as many commands as fit into the
receiving buffer. In Ping-Pong mode, only one command s send at a time. Only after the
printer send an ok signal, the next command is send. Use only if you have problems
without Ping-Pong moda.

[E' Firmware sends OK after error

Normally a printer sends ok even if needs a command resend. Uncheck if your printer
doesn't do this.

Figure 4.6 Connection settings allow Repetier to talk to the Simple.

1. Select the port from the drop-down menu that corresponds to the USB port you’re using to
connect the Simple to your computer.

2. Set the Baud Rate to 250,000 from the drop-down menu.
3. Change the Cache Size to 127.
Change to the Behavior tab next and make the following configurations indicated in Figure 4.7.



Configuration:

Travel Feedrate:
Z Axis Travel Feedrate:
Default Extruder Temperature;

Default heated bed temperature:

L— Change Travel Feedrate

— Set Default Extruder Temp
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Check these —
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0
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195 L
0 ————_ | [°C]
[
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%= [135 Y= 0D z-Min= [0

Set Default Heated Bed Temp

Figure 4.7 Temperature and travel speeds must be set for the Simple.

1. Change the Travel Feedrate to 500.
2. Set the Default Extruder Temperature to 195.
3. Set the Default Heated Bed Temperature to O.

4. Make certain the three boxes are checked for Check Extruder and Heated Bed, Don’t Log
Temperature Requests, and Disable Extruder After Job/Job Kill.

If you choose to later add a heated bed to your Simple, you should return to this setting and change the
Default Heated Bed Temperature to the temperature recommended for that particular heated bed.

Note

A heated bed helps to ensure that the molten plastic cools at a slower rate, helping to prevent
shrinking and warping. As of this writing, no heated bed is currently being sold by Printrbot
for the Simple, but check the printrbot.com website to see if one is available if you are

interested.

Switch to the Dimensions tab and set the configurations indicated in Figure 4.8.


http://printrbot.com

Configuration: |.5imple Add | | Delete |
|. Connection = Behaviour - Dimension ~ Advanced |
Home X: |m| Home ¥: |m| HomeZ: | zmin 3
¥ Min: (O [mm] X Max: | 100 [mm] Set X and Y Max
Y Min: |0 [mm] ¥ Max: | 100 | [mm values to 100

The min and max values define the possible range of extruder coordinates. Thesa
coordinates can be negative and outside the print bed. Bed left/front define the coordinates
where the printbed itself starts. By changing the min/max valuas you can even move the
origin in the center of the print bed, if supported by firmware.

Printer type: |aa;|c Printer T |
Print Area Width: 100 [mm] Bed Front: |0 [mm]
Print Area Depth: 100 [mm] Bed Left: 0 [mm]
Print Area Height: | 100 [mm]

Set all three Print
Area values to 100

Figure 4.8 Define the dimensions of the Simple’s print area.
1. Set the X Max and Y Max values to 100 (mm).
2. Set the Print Area Width to 100 (mm).
3. Set the Print Area Depth to 100 (mm).
4. Set the Print Area Height to 100 (mm).

These values (100mm) define the boundaries of the area where the Simple’s hot end can deposit
melted plastic. Picture a cube sitting on the print bed that’s 100mm on each side, and you’ll have a
better idea of the maximum size for any object you want to print with the Simple. If an upgrade kit is
ever offered by Printrbot that allows you to increase the width of the print bed (the X axis), this is
where you’d go to change the value for the X Max and the Print Area Width.

Likewise, if longer metal rods and lead screws were made available for the Z axis, you could increase
the maximum height of any object you could print.

When you’re done with the Dimensions tab, click the Apply button and then click the OK button to
save your configurations.

Slic3r

The Repetier software can also perform the slicing calculations required to take a 3D object, slice it up
into layers, and then convert those layers to g-code. Again, the “Getting Started Guide” walks you
through the proper settings for use with the Simple.

It all starts with clicking the Slic3r tab shown in Figure 4.9 and clicking the Configure button.
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Figure 4.9 Configuring Slic3r to create layers for printing.

A configuration wizard screen will open; click the Cancel button—the “Simple Getting Started Guide”
shows you all you need to do to configure Slic3r.

On the Print Settings tab, select the Layers and Perimeters option from the left-side list and set the
Layer Height to 0.3 (mm), as shown in Figure 4.10. Leave all other settings alone, and click the Infill

option.
diliiest=ail s Filament Settings | Printer Settings |
| - default - (modified) 3 | =) Layer height
il ' Layer height:
Infill ' First layer height:
t) Speed ,

[ Skirt and brim

[ Vertical shells

JE Support material

| Notes
e Output option
I Multiple Extru
" Advanced

| Perimeters (minimum):

5
ders ;
GCenerate extra perimeters
when needed:

Randomize starting points:

Select the Print
Settings tab

™ The Layers and
Perimeters

options

Figure 4.10 Repetier can control the height of print layers.

For the Fill Density, change the value to 0.3. Click the Fill Pattern drop-down menu and select
Rectilinear from the various options, as shown in Figure 4.11. Make no other changes and then click
the Skirt and Brim option.



_—Set the Fill

| - default - {mudlﬁed] : | U Infill ’7”’/’/ DE”S'H"I
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I Miltiple Extruders

* advanced Only infill where needed: a

[ [
| |
I m I Fill pattern: rectilinear —--....________I_:_|_
=) Speed " T r T
I |  Top/bottom fill pattern: rectilinear | 7| [~
| Skirt and brim I : S,eje{:t the
| ASupport material | Fill Pattern
| | Advanced
I | Wotes |
| = Output options | Infill every: 1 |:| layers
| |
[ [

The Skirt and Brim option

Figure 4.11 Configure the Infill details for a printed object.

On the Skirt and Brim screen, set the Loops option to a value of 2, as shown in Figure 4.12. (These
will force a number of test loops to be printed around your object on the print bed before the actual
printing of the object begins. It’s a great way to make certain the molten plastic is coming out of the
nozzle and adhering to the print bed.) Make no other changes and then click the Filament Settings tab.

m Filament Settings Printer Settings |
| - default - (modified) 3 || =] Skirt \

Loops: 2 2

—The Filament Settings tab

M Layers and perimeters
Infill

|
| 6
Distance from object: ry
B S : ! e — Set the Loop value
gm | Skirt height: 1 |[3) fayers
lsl Support material l Minimum extrusion length: | © | mm
| Notes :
& Output options |
= : Brim
| Multiple Extruders [
o Advanced | Brim width: o | mm
I —_—
|
|

Figure 4.12 Create a test loop around your printed object.

Make sure the Filaments option is selected on the left side of the screen, and then change the Diameter
value to 1.70 (mm), as shown in Figure 4.13. Make no other changes and then click the Cooling
option.
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Bl i | == — Set the
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! I - —
| | Extruder: First layer: _2_{1{15 |\;J Other layers: ._200 [;J
l [ "y —
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The Cooling option

Figure 4.13 Set the filament diameter size used by your 3D printer.

The Simple has no fan, so you should uncheck the Enable Cooling box, as shown in Figure 4.14. Make
no other changes and then click the Printer Settings tab to the right of the Filament Settings tab.

| Print Settings Printer Settings |
| - default - (modified) % | DJ Enable T ——-ThE F'Fil"ltEF‘
& Filament SR . Settings tab

Fan settings

~~Uncheck the

Fan speed: Min: | 35 EJ Max: | 100 |é| Enable CDD"I’IQ
Bridges fan speed: 100/ [ij % box
Disable fan for the first: | LEJ layers

Keep fan always on: a

Figure 4.14 The Simple has no fan, so configure Repetier accordingly.

On the Printer Settings tab, select the General option on the left side of the screen and set the Bed Size
X and Y values each to 100 (mm). Set the Print Center X and Y values each to 50 (mm), as shown in
Figure 4.15. Make no other changes and then click the Extruder 1 option.

{ Print Settings | Filament Settings _—-Set Bed Size

| - default - (modified) 3 | [=i Size and coordinates / values
' x:|100 | y:|/100

: L;-]m | Bed size: mm

| s | Print center: x:/50 | y:£50 fmm

| “ Custom G-code | : < | | Y-

| Extruder 1 . Zoffset: o fmm Set the Print

| \ = Center values
Firmware

\

The Extruder 1 option

Figure 4.15 Configure settings related to the print area of your 3D printer.

On the Extruder 1 option page, change the Nozzle Diameter value to 0.4 (mm), as shown in Figure
4.16. Make no additional setting changes.



| Print Settings | Filament Settings

| - default - (modified) % | L:lj Siie
&= General Nozzle diameter:
¢ Custom G-code

Extruder offset: x:|0 y:(0 | mm

)
|
|

|_I m I Position (for multi-extruder printers)
|
l

—Set the Nozzle
Diameter value

Figure 4.16 Configure Repetier with the nozzle diameter for your 3D printer.

You’ve made a handful of configuration settings on three tabs: Print Settings, Filament Settings, and
Printer Settings. Before you begin using the Simple, you must save the changes as the default settings.
To do this, go back to each tab and click the Save Current Printer Settings button. Select the Default

option from the drop-down menu for all three tabs, as shown in Figure 4.17.

® () () Save preset

Save printer settings as:
[.. default - | ]

| |Cancel |[ oK ]

Slic3r

| Print Settings = Filament Settings

| My Simple configurat... * | L_.rJ @J Size and coordinates

L.:‘J Bed size:

.7 Custom G-code Print center:
| Extruder 1 Z offset:
Firmware

A
‘ G-code flavor:
t * | L) Pramaiig P ORI SR | R e

Select the Default Option Save Current
from the drop-down menu button

Figure 4.17 Save your Repetier settings for all three tabs.

x:|100 | y:|10C
x:| 50 y: 50

|REpRap (Marlin/!

That’s it! You have successfully configured the settings for the Simple 3D printer and are ready to test
the Simple and print something. In Chapter 5, “First Print with the Simple,” I show you how to put the
Simple through a few basic tests to make certain the motors are working and the hot end is reaching
the correct temperature to melt the PLA plastic filament that will be fed in by the extruder.

Note

You’ve probably noticed a lot of strange terms are found in Repetier. Most of these items

(such as Density or Skirt Height) can simply be configured based on Printrbot’s

recommendations, but if you’re really wanting to delve deeper into 3D printing, you’ll want to
spend some time reading over the Repetier Help files for a better understanding of the terms



and how they apply to your 3D printer. This is a beginner level book, and a complete
understanding of all of these strange settings isn’t required to use your 3D printer, but it will
help as you gain skills and seek to print more advanced objects, so take some time to start
your own research into all of the settings offered by Repetier (or the software you choose to
control your 3D printer).




5. First Print with the Simple

Now that the Simple is assembled and the software is configured, there’s only one thing left to do—
let’s print something!

In this chapter you’ll be reading about the last few tasks required to print a 3D object model with the
Simple using the Repetier software. Given that more than 100 different models of 3D printers are out
there, this chapter can’t possibly cover every situation. But keep in mind—even if you’re not using
Repetier, even if you’re not using a Printrbot Simple—there is a fairly standard list of tasks that you
must do to print an object on all 3D printers:

* You’ll need to download or create an STL file on your computer.

* You’ll need to import an STL file for printing into the software.

* You’ll need to connect your 3D printer to your computer.

* You’ll need to get the Hot-end up to proper temperature.

* You’ll need to slice that object into layers.

* You’ll need to “home” the nozzle end of your 3D printer’s hot end (more on that in a moment).
* Print!

Note

STL file—this is a new term for you. STL stands for stereolithograpy, a form of 3D printing
(that you’ll read about in Chapter 10, “Alternatives to the Printrbot Simple”) that used this
special file format for storing data to print a 3D object. STL files are pretty common these
days for all forms of 3D printing, including with the Printrbot Simple.

Not all of these tasks must be done in the order specified, but certain tasks (such as beginning the print
job) won’t start unless others have already been completed (such as slicing the object into layers).

In this chapter I walk you through the steps I do each time I want to print an object with my Simple. If
you’ve got a different model of 3D printer, not everything will match up. That’s when it’s time to
consult the documentation for your own 3D printer and figure out the list of tasks that required for you
to print something. Keep in mind that there are lots of folks who have gone before you, so reach out to
them in the forums if you need help. The amazing thing about the 3D printing hobby is how friendly
and helpful the community is with novices; we all want this hobby to grow and prosper, and that
means lending a hand to those who have questions.

So, without further ado, let me print something for you.

Downloading an STL

Before I can print anything with my 3D printer, I need to decide on what I’d like to print. I have
designed a number of objects with Tinkercad (see Chapter 7, “Creating a 3D Model with Tinkercad,”
for a walkthrough of a 3D object being created from scratch), and I can certainly choose one of them
for my first print job on the Simple. Lots of 3D printer owners choose to print what are called
“calibration” objects—they allow users to print out an object and compare the accuracy of angles and
widths and lengths to the actual 3D model to determine if the printer is working properly. But I want
to jump right in and print something of mine. If I discover my printer needs some calibration, I’1l do
that a bit later. Right now, however, I just want to print something fun.




Note

Printrbot’s “Simple Getting Started Guide” recommends a specific 3D model from
Thingiverse called the 5mm Calibration Cube with Steps; you can view (and download) that
model by visiting the following link: http://www.thingiverse.com/thing:24238. If you don’t
have the STL file for a 3D object to print, grab this one and perform the same steps I do in
this chapter for my medallion object.

Figure 5.1 shows the Hello World file that I created in Tinkercad (see Chapter 7) and saved to my
computer.

& O

New Hello Repetier-Host
World.stl Mac

Figure 5.1 A 3D model’s STL file.

Notice that its icon is a copy of the Repetier software icon. If I double-click it, the Hello World STL
file opens in Repetier, as shown in Figure 5.2.


http://www.thingiverse.com/thing:24238
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Figure 5.2 The STL file as viewed in Repetier.

This object is a small, thin, rectangular plate (with rounded ends) that has the words “Hello World”
created via holes in the solid object’s body. Right now, I’m not concerned about all the buttons and
values being displayed in Repetier. Instead, I want to open up the STL file and confirm that I can view
it in the 3D Viewer. (Click the 3D View button if you don’t see your STL file after double-clicking it.)

Note

Before you begin printing, it is recommended that you put down a strip or two of blue
painter’s tape onto the print bed. When the plastic cools, it will adhere quite strongly to the
wooden print bed surface—the painter’s tape will allow you to more easily remove a cooled,

printed object because the plastic doesn’t stick as securely to the tape’s surface as it does with
wood.

Connecting the Simple to Repetier

Now that I’ve imported my STL file into Repetier, it’s time to connect my 3D printer to my computer.
I do this by first plugging in the USB cable to the Simple’s circuit board and the other end of the USB



cable into my computer. I already configured Repetier back in Chapter 4, “Configuring the Software.”

so that my computer knows which USB port to use. (Fortunately, my laptop has only one USB port, so
Repetier has it easy. If you’ve got multiple USB ports, try to remember to always connect the 3D
printer to the same USB port on your computer.)

Figure 5.3.

Next, I need to apply power to the Simple using the AC adapter that came with the kit. I first plug the
small green LED lights up on the circuit board to indicate the Simple is receiving power, as shown in

power cable into the wall and then insert the other end into the power port on the circuit board. A
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Figure 5.3 The green LED indicates all systems are go!

Now it’s time to test to see if Repetier can communicate with the Simple; to do this, all I have to do is
click the red Connect button in the upper-left corner of Repetier, as indicated in Figure 5.4.
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Figure 5.4 Click the Connect button.

If everything is connected properly, I should see the Connect button change from red to green. I also
get a confirmation of the connection from the text that appears at the bottom of the screen, as shown
in Figure 5.5.
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Figure 5.5 Confirm that your 3D printer is connected to Repetier.

Note



Consult the “Simple Getting Started Guide” at http://printrbot.com/support/instructions-and-
guides/ for troubleshooting help with the Simple and Repetier software. You might also want
to visit printrbottalk.com and post a question if you can’t find an answer to your technical
issue.

Get the Hot End Up to Proper Temperature

The hot end must get up to the proper temperature for melting the filament. The Printrbot Simple
“Getting Started Guide” will have you configure the temperature to 195 degrees Fahrenheit (refer back
to Chapter 4), and that’s the temperature you will see used for this chapter’s print job.

To get the hot end heating up, change to the Print Panel in Repetier. On the right side of the screen in
Repetier, I click the Print Panel button shown in Figure 5.6 and then click the Heat On button.
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Figure 5.6 Turn the heat up to get the hot end melting plastic.

To verify that the temperature is climbing, tap the Temperature Curve button indicated in Figure 5.7,
and take a moment to watch as the line climbs upward toward 195.
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Figure 5.7 The hot end temperature increases.

While the hot end’s temperature is increasing, be very careful not to touch it. You also want to make

certain that nothing is touching the hot end, such as paper, wires, and so on.

Slice Your Object into Layers

Now it’s time to slice up the object you’ve selected to print into layers. Click the Object Placement

button indicated in Figure 5.8 and then click the Slice with Slic3r button.

Slice with Slic3r

Slicer | G-Code | Print Panel |
a Save as 5TL Ne with Slic3r
Translation: X [54.059 | Y([sL226 |Z[-2 \
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| STL File

button

—~0Object Placement

Figure 5.8 Use Slic3r to cut up your 3D object for printing.

After clicking the Slice with Slic3r button, you’ll see some text appear in the window below the
Object Placement button, as shown in Figure 5.9. This is the g-code that will be used to control the
motors and Extruder, telling the motors how to rotate and in what direction.
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Figure 5.9 G-code for the 3D object.

Note

I mentioned g-code earlier in the book, but now you can see what it actually looks like. It’s
very cryptic stuff, but it’s basically just code that tells the various motors how to operate.
X10, for example, tells the X motor to spin in such a way that the print bed moves 10mm. The
g-code Z-15 would tell the Z motor to spin the lead screw so that the hot end moves down
(toward) to the print bed. You’ll also see the various settings you configured for Repetier back
in Chapter 4 submitted via g-code. If you’d like to see just how substantial the list of
commands/codes for g-code really is, visit http://en.wikipedia.org/wiki/G-code.

Home the Hot End

Look at your Simple (or whatever 3D printer you are currently using) and take note of where the end
of the hot end’s nozzle is located. Figure 5.10 shows where my Simple’s nozzle is located. It’s about
5cm above the print bed and slightly to the left of dead center. It’s also more toward the rear of the
print bed.


http://en.wikipedia.org/wiki/G-code

— Nozzle
end

Figure 5.10 Treat the tip of the nozzle like a point in space.

When Repetier takes the g-code and begins to issue instructions to the motors, it is assuming that the
nozzle tip is in the front-left corner of the print bed and almost touching the print bed. I can manually
adjust the X and Y axes on my Simple by carefully pushing or pulling them so that the nozzle is as far
forward and to the left as possible (without breaking anything). I can also manually adjust the Z axis
by turning the vertical lead screw by hand. If I turn it enough times, I can get the nozzle to the proper
starting location, as shown in Figure 5.11.



Figure 5.11 Nozzle now in proper starting location.

Manually moving the nozzle isn’t difficult, but there is a better solution that doesn’t require you to
adjust the three axes by hand. Change back to the Print Panel shown in Figure 5.12 and note that X, Y,
and Z axes each have a collection of strange buttons with values on them: -100, -10, -1, -0.1, 0.1, 1,
10, and 100. These values are in mm, and a single click on one of the axis buttons will cause that
motor to move either the print bed or the nozzle that distance.
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Figure 5.12 You can move the hot end nozzle in small or large increments.

To use these controls correctly, you need to determine the direction that a motor will move the print
bed or nozzle when each button is clicked. You can do that easily enough using the 0.1 or —0.1 buttons
for each axis (or maybe the 1 or —1 buttons). For example, if you click the —1 button for the X axis, the
print bed moves 1mm to the right. If you click the —10 button for the X axis, the print bed moves
10mm to the right. If you click the 10 button for the X axis, the print bed moves to the left.

Similar experimenting with the Y axis tells me that the negative buttons (-0.1, -1, =10, —100) move
the nozzle forward, toward the front of the print bed. The positive buttons move the nozzle back, away
from the front of the print bed. For the Z axis, the negative buttons move the nozzle closer to the print
bed, and the positive buttons move the nozzle up and away from the print bed.

As you can see, by properly using these buttons, you can move the print bed and nozzle in such a way
that the nozzle’s tip is placed in the correct starting position at the front-left corner of the print bed.

One of the secrets to a good print job is getting the nozzle as close to the print bed surface as possible
so that it lays down a flat bead of molten plastic during the initial movements. To do this, Printrbot
recommends cutting a small square from a sheet of 8.5” x 11” paper. Place this slip of paper under the
nozzle tip and lower the nozzle until it requires a slight tug or two to pull the slip of paper out from
underneath the nozzle tip. You’ll have to experiment a few times until you get the right distance
figured out, but as a rule, I lower the nozzle as far as I can get it without it digging into the print bed’s
surface. Figure 5.13 shows how I’ve placed this slip of paper underneath the nozzle to get the proper
distance from the print bed surface.



Figure 5.13 Slip of paper underneath nozzle.

If you find that the slip of paper is too tight and can’t be pulled away easily, use the 0.1 button for the
Z axis to move it up a tenth of a millimeter, and try again.

When you’ve got the nozzle in the proper X, Y axis location and the right distance from the print bed
surface, tap the Set Home button shown in Figure 5.14.
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Figure 5.14 Press the Set Home button when the hot end is in the right location for starting a print job.

After clicking the Set Home button, you should see that the values for X, Y, and Z on the Print Table
change to 0.

Now it’s time to print.

Print!

Before clicking the Run button, perform a last-minute check. Switch to the Temperature Curve image
and verify that the temperature is where it needs to be. Click the g-code button (to the left of the Print
Panel button) and verify there is actual g-code there from the object slicing tasks. Finally, verify that
you’ve homed the nozzle. It should be in the front-left corner and almost touching the print bed
surface, and all three axes should have values of 0 on the Print Panel.

Take the end of your filament, clip it off at an angle to provide a sharp point, and feed it down through
the extruder and into the hot end. When the filament is inserted properly into the hot end, lock down
the extruder to put pressure on the filament so the extruder motor can feed it in on its own.

Now switch back to the 3D View button shown in Figure 5.15 and click the Run button.
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Figure 5.15 Watch the progress in 3D view as the path of the hot end is traced.

There will be a slight delay before the nozzle begins to move. When the print job is first executed, the
nozzle increases slightly in temperature (up to about 5 degrees or more of the temperature you’ve set)
to get the filament melted and ready to flow.

When the print job begins, the nozzle starts to move. If you’ve configured Repetier as recommended
in Printrbot’s “Simple Getting Started Guide,” you’ll notice that a few loops around your object will
first be put down; this is both to get the melted filament flowing through the nozzle and to allow you
to visually verify that a bead of plastic is being put down on the print bed, as shown in Figure 5.16.



Figure 5.16 An initial bead of plastic is put down around your object.

If you don’t see a bead of filament on the print bed, it’s possible the extruder is gripping the filament
too tightly or too loosely and is not feeding it into the hot end. Loosen or tighten the extruder
mechanism on your 3D printer slightly and see if the bead begins. If not, click the Kill Job button and
check a couple of things:

* [t’s possible your hot end might need a slightly higher temperature to get things flowing. Use the
Print Panel to raise the nozzle 3cm (30mm) or so away from the print bed. Release the mechanism
on the extruder that applies pressure and manually push the filament down into the hot end. You
should see a wormy bead of plastic come out of the nozzle, as shown in Figure 5.17. If the bead

appears, you’ve got the temperature set properly and need to adjust the tightness of the feeding
mechanism on the extruder.



Figure 5.17 Testing filament extrusion.

« If manually pushing the filament down into the hot end doesn’t produce a wormy bit of filament
coming out of the nozzle, you might need to increase the temperature. Raise the temperature
manually by 5 degrees. Manually push in the filament. If it comes out too fast (almost like liquid),
pull the temperature back in one-degree increments until you see the filament coming out and
immediately cooling and curling up on itself.

After you’ve got the plastic extruding properly, you’ll have to home the nozzle again and start the
print process over (including possibly turning on the heat). You won’t have to slice the object again,
but click on the G-code button to verify the code is still there.

Your first few (or first few dozen) print jobs aren’t going to be perfect, so be aware of that fact to
avoid frustration. It took over a dozen adjustments in the nozzle height (above the print bed) and the
tightness of the extruder feeding mechanism to get it “just right” before the Hello World medallion
began to take shape, as shown in Figure 5.18.



Figure 5.18 The Hello World medallion printing properly.

Notice in the photos that I’ve put down a wide strip of blue painter’s tape on the print bed as I wrote
about at the beginning of the chapter. I did this before the print job began (and before I turned on the
heat). Don’t forget the painter’s tape—it will help you remove the finished print job—you don’t want
the hot plastic stuck to the wooden print bed! Just peel the tape off the print bed when the print job is
done, and your printed object should pop off the tape easily. You can see the finished medallion
(before removing from tape) in Figure 5.19.



Figure 5.19 The finished medallion.

Upgrades!

Homing the nozzle for every print job can get annoying fast, but there’s an upgrade that now ships
with every Printrbot Simple. It’s a set of end stops that automatically do the homing for you—cool!
The end stops were released too close to the finishing of this book, so I was unable to include their
installation in Chapter 3, “Assembly Assistance for the Printrbot Simple.” But Printrbot has added the
steps to install the end stops, and I highly encourage you to use them. After installation, instead of
using the axes buttons to move the nozzle tip to the proper starting location and distance from the
print bed, you click the Home All button on the Print Panel and this task is done automatically. The
motors spin and the print bed and nozzle move on their own, and no fine-tuning by you is needed.

As for the painter’s tape, there’s also an upgrade coming soon (but not ready at the time of this
writing) that will eliminate the need for the tape. It’s called a heated bed, and it’s a tool used to let the
plastic cool gradually so that it doesn’t warp or curve. If you’re a painter’s tape user, you may notice
that the plastic sometimes has a tendency to warp slightly as the plastic cools. The heated bed helps
prevent his. Be sure to check with your 3D printer manufacturer to see if a heated bed is available; if
you’re the owner of a Simple, the heated bed should be available by the time you’re reading this.



6. Free 3D Modeling Software

Chapter 5, “First Print with the Simple,” demonstrated how easy it is to print a 3D object with the
Simple. This process is fairly typical of most 3D printers and other 3D printing software you may use.
I briefly introduced you to Thingiverse, a library of 3D objects that you can search and download the
files needed to print those objects. Many 3D printer owners are as happy to just download free objects
from Thingiverse and other repositories, but what if you’re interested in creating and printing your
own custom 3D models? For creating your own 3D models, you’re going to need the special CAD
software I mentioned earlier in the book. There are a lot of CAD software companies and even more
CAD applications available. Some are extremely advanced CAD applications with hundreds of
features and capabilitie